Abstract Butyric acid (BA) induces jugular blood mitochondrial oxidative stress, whereas heme-induced oxidative stress was previously reported to inhibit SIRT1 in vitro. This would imply that BA-induced oxidative stress may similarly affect SIRT1. Here, we elucidated the BA effects on jugular blood cytosolic oxidative stress and SIRT1. Jugular blood cytosol was collected 0, 60, and 180 min after BA injection into rat gingival tissues and used throughout the study. Blood cytosolic oxidative stress induction, heme accumulation, NADPH oxidase (NOX) activation, nicotinamide adenine dinucleotide (NAD + ) and NADP pool levels, NAD kinase (NADK), and SIRT1 amounts were determined. We found that BA retention in the gingival tissue induces blood cytosolic oxidative stress and heme accumulation which we correlated to both NOX activation and NADP pool increase. Moreover, we showed that BA-related NADP pool build-up is associated with NADK increase which we suspect decreased NAD + levels and consequentially lowered SIRT1 amounts in the rat blood cytosol.
Introduction
Mammalian sirtuins consist of seven homologues (SIRT1-7) and belong to a family of nicotinamide adenine dinucleotide (NAD + )-dependent deacetylases that can affect stress responses and aging (Satoh et al. 2011) . Among the seven sirtuin homologues, SIRT1 has been hypothesized to promote cell survival and longevity (Chen and Guarente 2007; Kloting and Bluher 2005) . In addition, SIRT1 is shown to target numerous regulatory factors which can affect stress management and metabolism (Chen and Guarente 2007) . It was previously shown that SIRT1 is inhibited by heme-induced oxidative stress in vitro (Puri et al. 2012) which highlights the correlation between oxidative stress and SIRT1.
Butyric acid (BA) is an extracellular metabolite that is commonly found in the mouth, gut, and vagina produced through either the butyrate kinase or butyryl-CoA: acetate CoA-transferase pathways (Louis et al. 2010) . Beneficial BA effects include maintaining intestinal colonic health, serving as an energy source for colorectal cells, and positively influencing immune responses (Hu et al. 2011; Maslowski et al. 2009; Wong et al. 2006) , whereas nonbeneficial BA effects include reactivation of latent viral infection (Imai et al. 2012 ) and initiation of periodontal pathogenesis (Kurita-Ochiai and Ochiai 2010) . In an earlier published report related to our group (Cueno et al. 2013) , we showed that BA retention in the gingival tissue induces oxidative stress in the jugular blood mitochondria. It is, however, not clear whether BA retention in the gingival tissue induces blood cytosolic oxidative stress and similarly affects SIRT1.
Here, as a continuation of our earlier work (Cueno et al. 2013) , we established that BA retention in the gingival tissue induces blood cytosolic oxidative stress and heme increase. Similarly, we showed that the heme-binding subunit of NADPH oxidase (gp91 phox precursor), NADPH, and NADP levels all accumulated which we suspect contributed to BA-induced oxidative stress generation.
In addition, we found that NAD kinase activity increased which we hypothesize lead to a decrease in NAD + levels and consequentially decreased SIRT1 amounts in the rat blood cytosol.
Results and discussion
BA retention in the gingival tissue induces jugular blood cytosolic oxidative stress To elucidate whether BA retention in the gingival tissue increases heme amounts and induces oxidative stress in the rat blood cytosol, we isolated jugular blood cytosolic extracts at 0, 60, and 180 min after BA injection similar to our earlier work (Cueno et al. 2013) . We found the same pattern of BA retention as we previously observed (data not shown), and subsequently, we measured blood cytosolic heme, catalase (CAT), and hydrogen peroxide (H 2 O 2 ) levels. Purity of the cytosolic extracts was confirmed using Western blotting (Fig. 1a) . We observed that blood cytosolic heme, CAT, and H 2 O 2 amounts were increased after BA injection into the rat gingival tissue (Fig. 1b-d, respectively) which would imply that BA retention in the gingival tissue induces oxidative stress in the blood cytosol and is correlated to heme accumulation. Heme is a biomolecule that interacts with various apo-proteins giving rise to functional heme-proteins which include antioxidant (Chelikani et al. 2005 ) and pro-oxidant (Espinosa et al. 2009) enzymes. Build-up in cytosolic reactive oxygen species (ROS), like H 2 O 2 , triggers mitochondrial oxidative stress (Doughan et al. 2008) , whereas elevated mitochondrial ROS activates NADPH oxidase (Wosniak et al. 2009 ). We suspect that BA-related increase in jugular blood cytosolic H 2 O 2 and heme amounts may have contributed to blood mitochondrial oxidative stress induction (Cueno et al. 2013 ) which subsequently may have activated NADPH oxidase (NOX).
To establish BA-induced NOX activation in the blood cytosol, we detected the gp91 phox precursor found in the cytosol and Butyric acid-induced blood cytosolic oxidative stress is correlated to heme accumulation. Jugular blood was collected after BA injection as previously published (Cueno et al. 2013) , and animal studies performed were in accordance with the guidelines set by the Kyoto Institute of Nutrition and Pathology Inc. a Jugular blood cytosol purity. Cytosol/ Particulate Rapid Separation Kit (BioVision) was used to isolate blood cytosol. Pierce® Detergent Removal Spin Columns (Thermo Scientific) was used to purify samples from traces of detergents. Pierce® Microplate BCA Protein Assay Kit-Reducing Agent Compatible Kit (Thermo Scientific) was used to standardize the protein concentration in all samples used. All kits used were according to manufacturer's recommendation. Western blotting was performed to establish blood cytosol purity. Briefly, blood cytosolic proteins were separated by SDS-PAGE and transferred to Hybond-C nitrocellulose membrane (Amersham Biosciences). Membranes were subsequently blocked with Difco TM Skim Milk (BD Company) probed with antibodies, and immunoreactive proteins were visualized using SuperSignal® West Pico Chemiluminescent Substrate (Pierce). Anti-GAPDH (GeneTex) was used to detect the glyceraldehydes-3-phosphate in the blood cytosol to serve as control. Anti-HSP60 (StressMarq Biosciences Inc., Canada) was used to determine cytosolic heat-shock protein 60 in the blood cytosol extract to verify the purity of the cytosolic samples. Anti-MTC02 (Novus Biologicals) is a mitochondria-specific antibody used to confirm the absence of mitochondrial components, anti-PCNA (Thermo Scientific) was used to detect the presence of the proliferating cell nuclear antigen, and anti-PMCA (Thermo Scientific) which recognizes the plasma membrane calcium ATPase were used to further establish the purity of the isolated blood cytosol. b Total heme levels in blood cytosolic samples. QuantiChrom TM Heme Assay Kit was used to measure blood cytosolic heme levels (free heme and hemeproteins) according to manufacturer's recommendation. c Catalase activity in blood cytosolic samples. EnzyChrom TM Catalase Assay Kit (BioAssay Systems) was used to measure cytosolic catalase (CAT) activity according to manufacturer's recommendation. d Hydrogen peroxide amounts in blood cytosolic samples. Red Hydrogen Peroxide Assay Kit (Enzo Life Sciences) was used to measure blood cytosolic hydrogen peroxide (H 2 O 2 ) amounts according to manufacturer's recommendation. Results shown correspond to n =5 replicates of six independent samples. Jugular blood cytosol from 0, 60, and 180 min after butyric acid injection are indicated. Statistical analyses were performed using Student's t test ( ** p< 0.01) quantified the NADP (NADP + and NADPH) pool. Heme binding to the gp91 phox subunit of the NADPH oxidase enzyme triggers cytosolic ROS production which consequently causes mitochondrial oxidative stress-related ROS increase (Brandes 2005; Yu et al. 1998) . We found that the gp91 phox precursor (Fig. 2a) and NADP amounts (Fig. 2b, c) were increased in the blood cytosol after BA injection into the rat gingival tissues. In addition, as seen in Fig. 2d , the NADPH/NADP + ratio in both collection times were decreased which is consistent with oxidative stress (Bernard et al. 2011) . We hypothesize that both BAinduced cytosolic oxidative stress and heme increase is associated to both NOX activation and NADP pool increase. Similarly, this would imply that NADK activity may have been affected. BA-induced blood cytosolic oxidative stress is associated with a decrease in SIRT1 amounts
To determine the BA effects on blood cytosolic NADK action, NAD + levels and NADK protein were detected. We observed that blood cytosolic NAD + levels were decreased after BA injection (Fig. 3a, upper panel) , whereas the detected NADK protein was increased after BA injection (Fig. 3a, lower panel) . NADKs play a critical role in determining the NADP pool and one mechanism by which the NADP pool can be increased at the expense of NAD + is through NADK action (Lerner et al. 2001 ). This would insinuate that BA could have indirectly contributed to NADK activity increase which we speculate decreased NAD + levels in the rat blood cytosol. Moreover, as a possible consequence of NAD + decrease, we suspect that SIRT1 is likewise affected.
To expound on the possible consequential effects of blood cytosolic NAD + decrease on SIRT1, we quantified and detected SIRT1 in the blood cytosol. We found that SIRT1 amounts were similarly decreased after BA injection (Fig. 3b, upper panel) . This was concurrently verified using Western blotting (Fig. 3b, lower panel) . Both results showed that SIRT1 amounts were decreased after BA injection consistent with NAD + levels in the blood cytosol (Fig. 3a, upper  panel) . High SIRT1 amounts promote cell survival, favor longevity, and exhibit better stress response, whereas low SIRT1 amounts have an opposite effect (Chen and Guarente 2007; Kloting and Bluher 2005; Satoh et al. 2011) . This highlights the possible detrimental effects of BA-induced SIRT1 decrease in the rat jugular blood. We suspect that BA-induced jugular blood cytosolic oxidative stress and heme accumulation may have indirectly decreased NAD + levels and consequentially lowered SIRT1 amount which is in agreement with a previous work (Puri et al. 2012) . Admittedly, additional experimental work is recommended to further prove the potential relationship between BA and SIRT1.
In conclusion, we established that BA retention in the rat gingival tissue causes jugular blood cytosolic oxidative stress and heme increase. We correlated both BA-induced cytosolic oxidative stress and heme accumulation to both NOX activation and NADP pool increase. Moreover, we showed that BArelated NADK activity increase is associated to a decrease in NAD + and SIRT1 amounts in the rat blood cytosol.
